Severe infection is common in acute leukaemia during periods of bone marrow depression produced by the disease and its treatment (Levine, Graw, and Young, 1972) . The incidence of infection correlates with the degree and duration of leucopenia (Bodey et al., 1966) and treatment, even with powerful antibiotic combinations, may be ineffective in the absence of granulocytes (Tattersall, Spiers, and Darrell, 1972) . Although infection may be pre- vented by isolation combined with decontamination with topical antiseptics and nonabsorbed antibiotics (Levine et al., 1973) , leukaemia often presents with severe infection before such measures are operative.
Granulocyte transfusion is a logical treatment for such patients. Large numbers of cells can be collected from normal as well as chronic myeloid leukaemic donors, using continuous flow centrifugation (CFC) , or filtration leucapheresis (Djerassi et al., 1972; Higby et al., 1975) . Controlled Received 12 November 1975. studies have shown the value of granulocyte transfusions in adults but their place in paediatric practice has not been evaluated. We describe here our experience with granulocyte transfusion in children with infections not responding to other treatment. All had acute leukaemia or aplastic anaemia, were severely neutropenic, and usually lymphopenic and thrombocytopenic also. We have related immediate and later haematological and clinical responses to the nature and duration of infection, the number of granulocytes transfused, and the recipient size and pretransfusion count. The cell separator has been described elsewhere (Freireich, Judson, and Levin, 1965; Buckner et al., 1969) . The procedure uses a continuous vein-to-vein flow of blood through a rotating bowl that separates the different blood components by centrifugal force. Leucocytes are collected at about 2 ml/min from the buffy layer at the red cell-plasma interface, and the red cells and plasma recombine for return to the donor. The donor receives 2500-3000 units heparin as an initial intravenous dose followed by continuous infusion of 40 units/min. In early runs acid citrate dextrose was infused continuously at 1 ml/min. Latterly hydroxyethyl starch (HES 6%, McGaw) or dextran (Dextraven 150, Fisons) was infused at 3-6 ml/min to increase red cell sedimentation and improve the granulocyte concentration of the buffy layer (McCredie et al., 1974; (Graw et al., 1970) . The phagocytic and bactericidal capacity of granulocytes were tested by standard techniques (Miller, 1969; Solberg and Hellum, 1972) and found to be normal in several experiments. The cells were transfused rapidly over 1 to 3 hours via platelet-giving sets (Fenwal) .
Recipients were given chlorpheniramine 10 mg intravenously at the start and those under 6 years of age also received frusemide 10 mg to prevent volume overload, since we wanted to transfuse the cells rapidly.
The infections were divided into (1) proved septicaemia; (2) pneumonia; (3) cellulitis (abscesses, skin, and mucosal infections); (4) others (suspected septicaemias, meningitis, pyelonephritis, and undiagnosed fevers). Antibiotics, usually either gentamicin and cloxacillin or a 5-antibiotic combination (Hammersmith regimen; Tattersall et al., 1972) 6-hourly intravenously, were started empirically after culturing blood, urine, stool, and swabs from infected sites and taking x-ray films.
Patients received granulocyte transfusions if they had infections associated with severe neutropenia (< 300/mm') not responding to antibiotics after a mean period of 72 hours. Intravenous antibiotics were continued in the first instance for 5 days, modified according to results of cultures. The clinical state of the children was assessed 24 hours and 5 days after transfusion, and they were considered well if a normal temperature was maintained together with clearing of clinical signs of infection. No control patients were studied for comparison. Full blood counts were done on capillary samples from children before and at 1 hour and about 15 hours after transfusion.
Student's 't' test was used for statistical analysis of results.
Results
Clinical evaluation. Table I shows 31 pathogens isolated from the 30 children. Grampositive bacteria were causative or contributory in 12 cases and Gram-negative in 10. Five out of 7 children who responded poorly to granulocyte transfusion had Gram-negative septicaemia, and 2 of these also had fungal infections. Several children had more than one organism isolated, fungi being cultured chiefly from sputum and gastrointestinal tract. No organism was cultured from 9 febrile children, all of whom recovered after transfusion. Table II shows the overall clinical response rate at 24 hours and at 5 days. Granulocyte transfusion is difficult to evaluate clinically and subject to observer bias. We have used 'response' to indicate resolution of fever, but other signs, particularly of toxicity and shock, were assessed. On this basis 15 children (50%) were well by 24 hours and 23 (77°%) by 5 days, and similar response rates were seen in ALL and AML patients. Response, however, was related to the type of infection (Table III) responses in two neutropenic children with pneumonia and with septicaemia complicating ALL. Table IV compares the 7 infections that responded poorly to transfusion with the 23 that responded well. Non-response was associated with significantly more days of fever (P<0-02) and of antibiotic administration (P<0*05) pretransfusion and with more multiple infections. Also, the nonresponders had distinctly poorer 15-hour posttransfusion granulocyte increments (P <0 10), implying rapid utilization or sequestration of transfused cells. Five non-responders had ALL, 1 AML, and 1 aplastic anaemia.
Haematological evaluation. Fig. 2 * shows the mean leucocyte, granulocyte, and platelet counts before, 1 hour after, and about 15 hours (the following morning) after transfusion. The mean granulocyte increments were 820/mm3 at 1 hour and 307/mm3 at 15 hours. Fifteen children had pretransfusion granulocyte counts of zero before their first transfusion. Rises in platelet count were often more sustained (mean increments 24 000/mm3 at 1 hour and 27 000/mm3 at 15 hours). Post-transfusion granulocyte increments were related to a number of factors. Adding erythrocyte-sedimenting agents to the flow-path during leucapheresis improves definition and allows more granulocytes to be collected with less erythrocyte contamination (McCredie et al., 1974; . The average granulocyte collection was 2 04 x 1010 with dextran or hydroxyethyl starch, and 0 77x1010 without (t-5-48, P< 0 001), and was reflected in significantly higher 1-hour and 15-hour granulocyte increments in recipients (Fig. 3) . Children with blood volumes of 2 1 or less (.<0 8 m2) had significantly better 1-hour increments than larger children (Fig. 4) . Also children with granulocyte counts > 100/mm3 before transfusion had significantly better 1-hour increments than those with lower pretransfusion counts (Fig. 5) . Granulocyte increments were unrelated to HLA matching of parents and children, no significant differences being found for 0, 1, and 2 donor-recipient mismatches. Granulocyte utilization. Probably the more depleted the granulocyte stores the more rapidly transfused cells are utilized and leave the circulation (Fig. 5) . The presence of donor granulocytes was sought in samples from bone marrow and from infected skin lesions and cerebrospinal fluid (CSF). No excess of leucocytes with male karyotype were detected in a girl 1 day and 10 days after receiving a leucocyte transfusion from her father. Smears taken from sites of skin or mucosal sepsis, however, often showed an influx of granulocytes within a few hours of transfusion. Fig. 6 shows the course of a neutropenic child with Esch. coli septicaemia and meningitis. Twelve hours after each of 2 transfusions the peripheral blood granulocyte count had returned to zero, but granulocytes appeared for the first time in the CSF 12 hours after the first transfusion (200/mm3) rising to 560/mm3 12 hours after the second, at which time only a few dead phagocytosed Esch. coli organisms remained in the CSF. Discussion Infection is the major cause of death in acute leukaemia (Hersch et al., 1965; Levine et al., 1972) , and several reports have shown the value of granulocyte transfusions in treating neutropenic adults with refractory infections Higby et al., 1975) . There has been no separate analysis of their use in leukaemic children and there are several reasons why this should be done. (1) Their long-term prognosis is much better than in adults. At least 50% of children with ALL should achieve prolonged survival or cure (British Medical Journal, 1975) , so that death from infection is particularly tragic. (2) Infections often progress more rapidly in such children. They are often refractory to antibiotic treatment and there is a significant mortality. (3) The small size of the child relative to the adult donor gives him an innate advantage in terms of leucocyte yield and increment.
Twenty-five of our 30 infections were successfully treated, owing in 23 (77 %) wholly or partly to granulocyte transfusion (Table II) . These results compare favourably with mainly adult series in whom typical response rates have been between 46% and 67% Schwarzenberg, Schneider, and Mathe, 1975; Vallejos et al., 1975) , though a recent controlled trial of granulocyte transfusions produced a 90% positive response . Also adult patients need several transfusions for reliable response Higby et al., 1975) Mishler et al., 1975) , though most of our donors were parents and therefore identical with the recipients at at least two HLA antigenic sites. Both granulocyte and platelet counts rose significantly after transfusion and often remained above their basal level 15 hours later (Fig. 2) . Platelet counts were often higher at 15 hours than 1 hour, probably because of control of infection as well as close donor-recipient compatibility. Red cell sedimentation effectively increased the granulocyte yield and subsequent increment, as previously reported (McCredie et al., 1974; , and reduced the plasma and red cell load to the child. Though smaller children had significantly higher increments, there was considerable overlap between patients above and below 2 litres blood volume. More marked differences were seen between children with pretransfusion granulocyte counts above and below 100/mm3, as reported in adults (Freireich et al., 1964; Vallejos et al., 1975 
